The digitonin method for the separation of cytosolic and mitochondrial fractions was applied to liver cells isolated from foetal rats. 
Considerable uncertainty exists about the phosphorylation state of adenine nucleotides in foetal rat liver.
[ATP]/[ADP] ratios ranging from 1.5 to 5.7 have been reported (Ballard, 1970 (Ballard, , 1971  Philippidis & Ballard, 1970;  Hommes, 1971; Knowles & Ballard, 1974; Kraan & Dias, 1975) . These data were obtained by using the freeze-clamp technique, and therefore represent the ratio for total intracellular adenine nucleotides. The freeze-clamp technique has a number of pitfalls (Faupel et al., 1972) , especially where mother and foetus have to be anaesthetized and/or killed. The availability of preparations of cells isolated from foetal liver provides a good alternative to determine adenine nucleotides under standardized conditions.
The use of digitonin for separating rat liver cells into mitochondrial and cytosolic fractions within seconds has been described by Zuurendonk & Tager (1974a,b) . This method offers the possibility of determining both metabolite concentrations in the two compartments and concentration gradients across the mitochondrial membrane [see, e.g., Zuurendonk et al. (1976) and Siess & Wieland (1976) ]. These parameters had been estimated previously by the metabolite-indicator method (Williamson, 1969; Greenbaum et al., 1971) .
In the study reported in the present paper, the digitonin method was applied to foetal liver cells of different gestational ages to determine the adenine nucleotide content and the [ATP]/[ADP] ratio in the cytosolic and mitochondrial compartments under Vol. 174 defined conditions. A preliminary account of this work has appeared (Van Lelyveld & Berger, 1977) .
Experimental
Except for experiments not related to foetal age, foetal ages were determined by dated matings. Male and female rats Wistar, TNO strain) were caged overnight; the next day was regarded as day zero. Foetal age was also read from a curve of body weight against day of gestation (Gonzalez, 1932) . Good agreement was observed, between the two methods.
Foetal rat liver cells were prepared as described by Hommes et al. (1971) , with some variations. One to four pregnant rats, each carrying 7-12 foetuses, were decapitated, the foetuses were quickly removed, weighed and decapitated, and their livers were rapidly removed. The foetal livers were cut into small pieces in 100 ml of a medium containing 3 mM-NaCl, 5mM-KH2PO4, 0.5mM-MgCI2, 24mM-NaHCO3, 2mM-glucose, 5 mM-EDTA, 230 mM-sucrose and lysozyme (SOmg/lOOml; EC 3.2.1.17); the pH was 7.0. The livers were then incubated at 37°C for 30min with vigorous shaking under 02/CO2 (19:1) and subsequently pressed very gently through two nylon cloths of mesh widths of 500 and 100pm respectively. The cells were harvested by centrifugation at 50 g for 2 min, and washed three times at room temperature in a Krebs-bicarbonate buffer (Krebs & Henseleit, 1932) , containing glucose in the amount indicated, but no Ca2+. Total cell yield was 30-110mg of protein, depending on foetal age and number of pregnant rats used.
Immediately after isolation, the cells (2-7mg of protein/ml) were incubated in 25ml vials in the Krebs-bicarbonate buffer supplemented with 2.5% dialysed bovine serum albumin. The vials were gassed with 02/CO2 (19: 1) and the incubation temperature was 37°C. Samples were taken after a preincubation of at least 10min.
During the washings separation occurs between parenchymal and haematopoietic cells, the latter remaining for the most part in suspension during the low-speed centrifugations. Throughout preparation, incubations and sampling, plastic apparatus was used.
The method for cell fractionation was as follows. A 13 ml polypropylene centrifuge tube was loaded with 1 ml of 1 M-HC104, 4ml of silicone oil (Wacker Chemie G.m.b.H., Munchen, Germany) consisting of a mixture of types AR 20 and AR 200 (9: 11, v/v The values obtained for whole cells minus those found in the digitonin-treated cell pellet were taken to represent the cytosolic compartment. In some cases samples of the supernatants were acidified with 6M-HC104, and, after removal of the denatured protein by centrifugation at 50OOg for 5min, the pH was adjusted to 6.5-7 with 3M-KOH plus 0.3M-Mops.
After removal of the silicone oil, the densely packed denatured protein in the pellet was resuspended by stirring and centrifuged again before neutralization. For the determination of marker enzymes the HC04 solution at the bottom of the tubes was replaced by 1 ml of 300mM-sucrose. The calculation of relative enzyme activities in supernatant and pellet was performed either by direct measurement in both fractions (after treatment of the pellet fraction with Triton X-100), or by subtraction of values obtained from the supernatants from those derived from whole cells plus medium in the presence of I % Triton X-100.
Protein was measured by the method of Lowry et al. (1951) , by using bovine serum albumin (fraction V; Sigma Chemical Co., St. Louis, MO, U.S.A.) as a standard. Cell suspension (501) was mixed with 3 ml ofwater containing2mg ofdeoxycholate (Merck) and sonicated in a Branson sonifier for 10s at 0°C. Deoxycholate did not interfere with the protein determination.
Metabolites were determined by standard enzymic procedures (Williamson & Corkey, 1969; Bergmeyer, 1970) on either an Eppendorf fluorimeter or an Aminco dual-wavelength spectrophotometer. Enzyme activities were measured as described by Bergmeyer (1970) . Citrate synthase activity was measured as described by Ochoa (1955 (Zuurendonk & Tager, 1974a; Elbers et al., 1974) . Part of this difference between liver cells from foetal Vol. 174 and adult rats may be explained by the smaller volume occupied by the mitochondria in the foetal liver compared with the adult (Vergonet et al., 1970; Herzfeld et al., 1973) . Table 1 illustrates the distribution of adenine nucleotides in the various fractions. The total amount of nucleotides is reasonably constant on fractionation by digitonin: a slight increase is found on treatment with digitonin (112 %), whereas centrifugation of whole cells yields a somewhat lower amount of adenine nucleotides (88 %).
The contribution of adenine nucleotides present in the cell nuclei (which constitute a large part of the volume in foetal liver cells; Vergonet et al., 1970) was neglected, as nuclei seem to lack any permeability barrier for these metabolites (cf. discussion in Siess & Wieland, 1976) . Essentially no glucose 6-phosphate was found in the digitonin pellet.
[ATP]/[A DP] ratio in isolated foetal rat liver cells as a function oJ the age of the foetus In Table 2 (Ballard, 1970 (Ballard, ,1971b Philippidis & Ballard, 1970; Hommes, 1971;  Knowles & Ballard, 1974 ; Kraan & Dias, 1975 (Berger & Hommes, 1974 ) that added glucose contributes little to the glycolytic flux in isolated foetal liver cells when glycogen is present. When glycogen is virtually absent (day 17) (Devos & Hers, 1974; Watts & Gain, 1976) and no glucose is added, no viable liver cells can be prepared.
[ (Zuurendonk & Tager, 1974a,b; Siess & Wieland, 1976) . Here, also, addition of glucose (Table 3) On the other hand, it should be noted that the addition of oligomycin causes a large Pasteur effect; the increased glycolytic flux becomes apparent in the lactate production, which is enhanced by a factor of 2 (at all ages studied) after a preincubation of 10min followed by 5min in the presence of oligomycin (cf. Berger & Hommes, 1974) . al., 1968; Vergonet et al., 1970; Jakovcic et al., 1971; Herzfeld et al., 1973) .
In the absence of added glucose (Table 3) , and when the glycogen content in foetal liver is low, i.e. before day 20 (Devos & Hers, 1974; Watts & Gain, 1976) , the cytosolic [ATP]/[ADP] ratio in the presence of oligomycin becomes very low and equal to the mitochondrial ratio. Previous investigations (Berger & Hommes, 1975) of gestation glycolysis is largely responsible for the energy supply in the foetal liver cytosol, but from day 17 until birth, at day 22, the 'adult system', i.e. oxidative phosphorylation, almost completely takes over despite the increase in glycolytic capacity (cf. Woods & Krebs, 1971 Two possible explanations exist for these observations. The fact that the isolated foetal mitochondria respond swiftly to the inhibitors, whereas isolated foetal liver cells do not, could be due to a low permeability of the plasma membrane to atractyloside and bongkrekic acid. An alternative explanation could be derived from the work of Pollak (1975) and Sandor & Pollak (1976) who reported a maturation at about the time of birth of adenine nucleotide translocation in foetal rat liver mitochondria by the action of extramitochondrial ATP.
However, extramitochondrial ATP is present in isolated foetal liver cells, as shown in the present paper. Furthermore, foetal mitochondria were found to be sensitive to inhibition of adenine nucleotide translocation by either atractyloside or bongkrekic acid in the absence of added ATP. Such an alternative explanation is therefore unlikely.
